In France, sexual assault occurs at an alarming lifetime frequency of 16% in women and 5% in men.
Introduction
In France, sexual assault occurs at an alarming lifetime frequency of 16% in women and 5% in men. 1 Similarly, data from the United States Department of Justice show that American women have about a 20% chance of exposure to sexual assault in their lifetime, although 54% of the estimated 300 000 to 1.3 million women raped every year in the United States do not report it.
2 Sexual assault is associated with devastating psychological and physical health outcomes. [3] [4] [5] [6] [7] [8] [9] [10] Trauma survivors are vulnerable to emotional and behavioural symptoms such as hyper-arousal and intrusive traumarelated memories or thoughts, and they are at high risk of engaging in behaviours such as substance use. 11, 12 However, the early cognitive, emotional and biological modifications following trauma exposure are under-studied and remain unclear. This study aimed to identify the early neuropsychological, neuroendocrine and neural modifications that occur in women who experience sexual assault. Acute responses to trauma (typically within a month after exposure) vary depending on the nature of the traumatic event. In healthy populations, including women who have been sexually assaulted but did not develop psychopathological traits, 13 exposure to an acute experimental stressor (including psychosocial or physical stresses) has been associated with deficits in working memory [14] [15] [16] [17] and cognitive flexibility, 18 and with aberrant dorsolateral prefrontal cortex (DLPFC) function. [19] [20] [21] Similar deficits in Background: Survivors of sexual assault are vulnerable to long-term negative psychological and physical health outcomes, but few studies have investigated changes in cognition, emotional processing and brain function in the early stages after sexual assault. We used a multimodal approach to identify the cognitive and emotional correlates associated with sexual assault in women. Methods: Twenty-seven female survivors of sexual assault were included within 4 weeks of the traumatic event, and they were compared with 20 age-matched controls. Participants underwent functional MRI while performing cognitive/emotional tasks (n-back, emotional go/no-go, mental imagery). We also measured diurnal salivary cortisol and conducted neuropsychological assessments of attention and memory abilities. Results: Relative to the control group, the survivors group had lower levels of morning cortisol and showed attentional deficits. We observed no between-group differences in brain activation during the n-back or mental imagery tasks. During the emotional go/no-go task, however, the survivors group showed a lack of deactivation in the dorsal anterior cingulate cortex when processing emotional materi al, relative to neutral material. Exploratory analyses in the survivors group indicated that symptom severity was negatively associated with cerebellar activation when positive emotional (happy) content interfered with response inhibition, and positively associated with cerebellar activation when thinking of positive (happy) memories. Limitations: The small sample size was the main limitation of this study. Conclusion: Dysfunctions in the dorsal anterior cingulate cortex and the cerebellum may represent early functional brain modifications that alter higher cognitive processes when emotional material is involved.
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higher cognitive function (such as working memory, attention or executive function, including cognitive flexibility or response inhibition) 22, 23 are also common features of acute 24 and chronic posttraumatic stress disorder (PTSD). 22, 25 In addition to cognitive deficits, PTSD has been associated with deficits in emotional processing. 26 Increased activation in frontal (ventromedial prefrontal cortex [vmPFC] , DLPFC), posterior cingulate cortex/precuneus and sensory areas (occipital, temporal) are evident when patients with acute stress disorder or acute PTSD are exposed to personalized trauma-related recall or pictures, [27] [28] [29] [30] or when they appraise fearful faces. 31 In contrast, when women with chronic sexual assault-related PTSD performed an n-back working memory task, researchers found no association between trauma-related material and changes in brain function. 32 A recent meta-analysis of functional neuroimaging studies indicated a critical role for the posterior cingulate cortex/precuneus, anterior cingulate cortex and angular gyrus when processing trauma-related stimulation. 33 Deficits in retrieving specific autobiographical memories (a common feature of acutely traumatized populations 24, 34 ) were associated with increased activation in the amygdala and vmPFC and increased connectivity between these regions when patients with chronic PTSD retrieved negative memories. 35 In contrast, retrieving positive memories was associated with decreased amygdala and vmPFC activation and decreased connectivity between these regions. 35 The regions involved in cognition, autobiographical memory and emotional processing -including the DLPFC, vmPFC, anterior cingulate cortex, middle occipital cortex, left inferior parietal lobule, insula and regions from the medial temporal lobe (amygdala, hippocampus, parahippocampal gyrus, entorhinal gyrus) -are also activated during intrusive memories and are critical for mental imagery processes (see Clark and Mackay 36 for a review). Although there is accumulating evidence for deficits in cognitive function, emotional processing, autobiographical memory and mental imagery processes in PTSD, along with brain-function alterations in overlapping regions across these dimensions, the neural correlates associated with these deficits in acutely traumatized individualsparticularly women who have been sexually assaultedare unclear and under-studied.
Finally, exposure to acute stress activates the hypothalamicpituitary-adrenal axis, resulting in the production of glucocorticoids (cortisol) in the adrenal gland, released into the blood. The hypothalamic-pituitary-adrenal axis is critical for adequate stress response and maintaining homeostasis. 37 Patients with PTSD generally present with blunted levels of cortisol 38, 39 ; however, because cortisol concentrations are also affected by factors such as age, sex, type of trauma, time of collection and time since trauma, these findings are inconsistent. 38, 39 Notably, while trauma-exposed individuals (independent of sex) have shown lower daily cortisol output, 40 women with PTSD have shown elevated afternoon cortisol concentrations. 38, 39 However, despite this evidence, early variations in diurnal cortisol concentration in women exposed to sexual assault are not well characterized.
This study used a multimodal approach to identify the early cognitive, emotional and biological modifications associated with sexual assault in women. We recruited women exposed to sexual assault, along with nonexposed controls, and participants performed neuropsychological assessments (working memory and attention), provided diurnal salivary cortisol samples and underwent functional brain imaging. We expected that exposure to sexual assault would be associated with decreased cognitive performance as well as blunted morning and elevated afternoon cortisol concentrations. We also expected to observe decreased activation in the DLPFC and anterior cingulate cortex during working memory, response inhibition (emotional go/no-go) and mental imagery tasks, along with increased activation in the amygdala, the vmPFC and the posterior cingulate cortex/precuneus during the mental imagery task and emotional processing (emotional go/no-go).
Methods

Ethics
This study was approved by an independent research ethics committee (CPP Tours Ouest-1, France; 2010-R36). The project was registered on the ClinicalTrials.gov website (NCT01405495) and was supervised by a clinical investigation monitoring committee (Inserm CIC1415). All patients consented to participate after they were informed of the study's purpose. Participants received €200 for completing the study.
Participants
In collaboration with several sexual assault referral centres and the University Hospital of Tours, France, 102 survivors of sexual assault were asked to participate in the study. Of those, 50 refused to participate and 25 reported 1 or more exclusion criteria: history of head injury, substance use, claustrophobia, current use of a psychotropic medication for more than 21 days, medical disorders affecting brain function (e.g., epilepsy, tumour), and MRI contraindications. Twenty-seven participants were included within 4 weeks of experiencing a sexual assault. We also recruited 20 age-matched healthy controls with no history of sexual assault from the general population. To ensure a sufficient number of participants with posttraumatic symptoms at a follow-up visit 6 months later (not reported in this article), we recruited more survivors than controls. A trained psychiatrist (W.E.) interviewed all participants. We used the Mini International Neuropsychiatric Interview 41 to screen the control group for the presence of any neuropsychiatric disorder, and we used the ClinicianAdministered PTSD Scale (CAPS) 42 to assess symptom severity among the survivors. We assessed comorbid depressive symptoms using the 13-item version of the Beck Depression Inventory 43 and anxiety levels using the State-Trait Anxiety Inventory. 44 Clinical interviews, neuropsychological assessments, cortisol collection and imaging acquisitions were all performed on the same day.
Neuropsychological assessment
We tested visual attention and task switching using a computerized version of the Trail-Making Test (TMT, http:// pebl.sourceforge.net/wiki/index.php/PEBL_Trail-making_ task). 45, 46 The task required the participant to connect consecutive targets. In part A, the targets are all numbers, and the participant must connect them in sequential order (e.g., 1, 2, 3, ...); in part B, the participant alternated between numbers and letters (e.g., 1, A, 2, B, ...). In addition to accuracy and reaction to both the TMT-A and TMT-B, we derived an index of executive functioning from the differences between each part of the test (TMT-B minus TMT-A) for both accuracy and time to perform the task. 47 We evaluated attentional abilities using 2 subtests of the Tests of Attentional Performance (TAP) battery. 48 We tested the flexibility of focused attention by having participants alternate between 2 sets of targets, including verbal (letters and numbers) and nonverbal (angular and round shapes) stimuli. Two stimuli, 1 from each set, were presented simultaneously and randomly on the left or the right side of the fixation point. From one presentation to the next, the target changed from letters/numbers to angular/round shapes, and vice versa. The participants pressed a key corresponding to the side of the target (left or right) as quickly as possible. Reaction times and number of correct responses were measured.
Salivary cortisol levels
Trauma-exposed individuals show lower daily cortisol output 40 and decreased morning cortisol, 38, 39 but women who have experienced sexual abuse are more likely to show increased cortisol levels in the afternoon. 38, 39 To better capture early diurnal changes in salivary cortisol following trauma exposure, we collected samples at 4 time points (8 am, 12 pm, 4 pm and 8 pm) using Salivettes (Sarstedt AG & Co). Participants were asked not to brush their teeth, drink, eat or smoke 90 minutes before saliva sampling, and they received an instruction sheet to increase adherence. They were asked to record when each sample was taken to ensure adherence to the timing protocol. After collection, samples were returned to the laboratory and stored at −20°C until the assay. Salivary cortisol concentration was determined using high-performance liquid chromatography coupled to tandem mass spectrometry and using a CHS MSMS steroid kit (PerkinElmer). Not all analy ses could be completed because participants failed to collect a sample or because they collected an insufficient amount of saliva.
Functional MRI procedure
All stimuli were generated using E-PRIME (v2.0; Psychology Software Tools) and projected on a screen at the rear of the magnet using an LCD projector. Participants were given instructions and received a practice session on each task before each scan. Instructions were repeated before each task. n-back working memory task A series of letters was presented, and participants were asked to decide whether each item was the same as the item presented n-time back. We tested 4 levels of difficulty (0-back or identification condition, 1-back, 2-back and 3-back). This blocked-design experiment consisted of 3 blocks of each difficulty level presented in a pseudorandom order. In each block, 14 stimuli were presented (500 ms each, not jittered); the number of targets depended on the difficulty of the condition.
Emotional go/no-go task
Participants were instructed to target a category (sex: male or female), and asked to press a button only when they saw a face that matched the target category. The stimuli consisted of neutral, happy and sad facial expressions from 4 men and 4 women extracted from the Facial Expressions of Emotion Stimuli and Tests. 49, 50 Stimuli were presented in black and white on a grey background to better control the luminance effect. The experiment consisted of 4 blocks with 75% "go" stimuli. Each stimulus had a duration of 500 ms with a pseudo randomized interval between stimuli varied between 1000 ms and 7000 ms.
Mental imagery task
This task consisted of 3 conditions. In the rest condition, when a "0" appeared at the centre of the screen, participants were asked to rest, keeping mind-wandering to a minimum. In the positive condition, when a "+" appeared at the centre of the screen, participants were asked to remember their best (positive) memories. In the negative condition, when a "−" appeared at the centre of the screen, participants were asked to remember their worst (negative) memories. Each condition lasted for 30 seconds and was presented 3 times in a pseudorandom order. After the task, participants were asked to describe and rate their memories during the positive and negative conditions.
Data acquisition
Imaging data were acquired on a 3 T Siemens Magnetom Verio scanner (Siemens AG) using a 12-channel brain coil. We acquired high-resolution T 1 -weighted 3D anatomic scans for each participant (192 contiguous sagittal slices; 1 mm slice thickness; repetition time 1.9 s; echo time 2.48 ms; inversion time 0.9 ms; flip angle 9°; in-plane resolution 1 × 1 mm). We acquired functional images for each task (n-back: 136 volumes; emotional go/no-go: 182 volumes; mental imagery: 180 volumes) using a T 2 *-weighted gradient-echo echo planar sequence (41 axial slices in ascending order; slice thickness 3 mm, no gap; repetition time 2.5 s, echo time 30 ms, flip angle 90°, field of view 240 mm, matrix 80 × 80, in-plane resolution 3 × 3 mm).
Image processing
We performed image preprocessing using statistical parametric mapping software (SPM12, Wellcome Department of
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Cognitive Neurology, University College London; www.fil. ion.ucl.ac.uk/spm). The first 4 acquisitions for each participant were discarded to allow for magnetization stability. Functional volumes were time-corrected, motion-corrected by spatial realignment to the first volume and then normalized to the Montreal Neurological Institute (MNI) reference brain. Finally, the normalized functional images were spatially smoothed with an 8 mm full-width at half-maximum Gaussian kernel. We included the 6 estimated movement parameters as covariates in the design matrix. We analyzed the 3 cognitive tasks separately. Individual contrasts of interest consisted of n-back (1-, 2-, 3-back) versus 0-back for the n-back task; no-go versus go, male versus female and emotional versus neutral for the emotional go/no-go task; and positive versus rest and negative versus rest for the mental imagery task.
Statistical analysis
In addition to the relatively small sample size, variables for sample characteristics, neuropsychological measures and cortisol measures did not meet the assumption of normal distribution. Therefore, we performed nonparametric MannWhitney tests to compare groups on continuous variables and reported the corresponding standardized statistics (z) and associated effect sizes (r = z/√N, where N is the sample size for the test). Statistical significance was set at p < 0.05. Within the survivor group, we also explored potential associations between symptom severity (CAPS total score), cortisol concentrations (8 am, 12 pm, 4 pm and 8 pm) and neuropsychological performance (accuracy and reaction time for the TMT-A, TMT-B, TMT-B minus TMT-A, TAP flexibility of focused attention with nonverbal and verbal stimuli) using Spearman correlations. Statistical significance for these exploratory analyses was set at p < 0.01.
Neuroimaging
Whole-brain analyses were carried out for the 3 functional MRI tasks using the statistical nonparametric mapping toolbox (SnPM13; http://warwick.ac.uk/snpm). 51 Individual contrasts of interest for each task were entered into separate second-level 2-sample t-tests. Statistical significance was set at an initial uncorrected cluster-forming threshold of p < 0.001, to which we applied a family-wise error (FWE) correction resulting from permutation tests at the cluster level (p FWEc < 0.05). In addition, in the survivor group, we explored the associations between symptom severity (CAPS total score as regressor of interest) and brain activation for each contrast of interest using the regression model available from SnPM13 (p FWEc < 0.05). We identified MNI regions using the Automated Anatomic Labelling atlas.
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Results
Participant characteristics
Details of the participant characteristics are provided in Table 1 . Briefly, groups were statistically matched for age, but the survivor group was slightly less educated and reported significantly higher levels of anxiety (State-Trait Anxiety Inventory) and depressive symptoms (Beck Depression Inventory) than the control group.
Neuropsychological assessment
Statistical details of group differences on neuropsychological assessment are provided in Table 2 . We found no significant group differences for accuracy or reaction time on the TMT-A. On the TMT-B, we found no difference in reaction time, but the survivor group performed significantly less accurately than the control group. The groups did not differ significantly in terms of performance or reaction time in the executive function measure (i.e., TMT-B minus TMT-A). Simi larly, we found no significant between-group differences in accuracy of reaction time for the verbal or nonverbal versions of the TAP focused attention battery.
Salivary cortisol levels
Relative to the control group, the survivor group had significantly lower morning (8 am) cortisol concentration, but the groups did not differ significantly at the other time points (12 pm, 4 pm and 8 pm; Table 3 ). To determine whether there were differences in diurnal cortisol concentrations across the day, we performed an exploratory repeated-measures analysis of variance and found a significant effect for cortisol sample (Wilks' Λ = 0.278, 
Exploratory correlational analyses
In the survivor group, we found no significant associations between CAPS total and cortisol concentrations at any time point, or with neuropsychological performance (all p > 0.05). Exploratory associations between neuropsychological performance and cortisol measurements did indicate a significant negative association between cortisol at 8 am and executive functioning (TMT-B minus TMT-A; ρ = −0.646, p = 0.009) and a significant positive association with the time to perform the task (ρ = 0.704, p = 0.003).
Neuroimaging
Whole-brain analyses indicated no significant differences between the control and survivor groups in terms of brain function during the n-back and mental imagery tasks. During the emotional go/no-go task, we found no significant group differences for the male versus female or no-go versus go contrasts. However, relative to the control group, the survivor group showed a significant lack of deactivation in a bilateral cluster that included the dorsal anterior cingulate cortex (dACC) and the medial superior frontal gyrus (peak MNI coordinates x, y, z = 4, 22, 36; k = 854; pseudo-t = 5.23; p FWEc = 0.013) during emotional processing (emotional > neutral; Fig. 1 ). In addition, using contrasts comparing emotional nogo (happy or sad, separately) versus neutral go trials, we explored potential group differences in emotional interference with response inhibition. These analyses yielded no significant between-group differences.
In the survivor group, we found no whole-brain associations between CAPS total scores and brain activation during the n-back task. However, bilateral decreased activation in the cerebellum, encompassing the cerebellar lobules VI, VIII, IX, crus I and vermis VIII-IX, for the happy no-go versus neutral go contrast (emotional interference with response inhibition; Fig. 2A ) was significantly associated with higher CAPS total scores (R 2 = 0.637; peak MNI coordinates x, y, z = −22, −48, −36; pseudo-t = 6.4; k = 2002; p FWEc = 0.002). Finally, for the positive versus rest contrast of the mental imagery task (Fig. 2B) , the CAPS total score was significantly associated with increased activation in a cluster including the left cerebellar lobules VIII-IX and crus I-II (R 2 = 0.562; peak MNI coordinates x, y, z = −26, −50, −46; pseudot = 5.53; k = 432; p FWEc = 0.034) and a cluster encompassing the right cerebellar lobule VIII, vermis VIII-IX and crus I (R 2 = 0.677; peak MNI coordinates x, y, z = 20, −72, −36; pseudo-t = 6.94; k = 303; p FWEc = 0.049).
Discussion
To the best of our knowledge, this multimodal study is the first to characterize the early neuropsychological and neurobiological changes occurring in female survivors of sexual assault compared with women who had never been sexually assaulted. Relative to the control group, the survivor group showed reduced accuracy in the TMT-B, lower morning (8 am) cortisol concentrations and increased levels of anxiety and depression. The survivor group also showed a lack of deactivation in the right dACC/superior frontal gyrus in response to 
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emotional stimuli while performing an emotional go/no-go task. Finally, symptom severity in the survivor group was not associated with cortisol concentration or neuropsychological performance, but was associated with decreased left cerebellar activation in the potential emotional (happy) interference with response inhibition (emotional go/no-go task), as well as with increased bilateral cerebellar activation when thinking of positive memories (mental imagery task). In this study, women who had experienced sexual assault showed impairments in cognitive flexibility (TMT-B). This was consistent with animal research showing similar deficits in a rat model (single prolonged stress) of PTSD, 53 and importantly, with deficits in switching between different task demands as reported in people with acute 24 and chronic PTSD. 25 In addition, while the lack of deficits in executive function (TMT-B minus TMT-A) was consistent with previous findings in acute PTSD, 24 the lack of working memory deficits was at odds with meta-analysis results in people with chronic PTSD. 25 Interestingly, better performance on executive functioning was associated with lower morning (8 am) cortisol levels. It is therefore possible that survivors of sexual assault may not show the same cognitive deficit profile as survivors of other trauma (e.g., motor vehicular accident or other types of interpersonal violence). In addition, the cognitive deficits observed in acutely traumatized populations might be different from those observed in people with chronic PTSD. These differences have implications for personalized treatments or interventions following trauma exposure. Future studies should investigate these differences by comparing groups of survivors exposed to different types of traumatic events.
While processing emotional content in the go/no-go task, the survivors showed a lack of deactivation in the dACC extending to the superior frontal gyrus. This was consistent with similar meta-analysis findings, indicating a possible heightened threat evaluation during emotional processing in PTSD. 23 Indeed, the dACC is involved in the modulation of fear 54 and in the appraisal and expression of negative emotions. 55 The dACC is also a core region of the so-called salience network, 56 implicated in the detection of task-relevant/ salient stimuli to engage appropriate behaviour. This region is commonly reported to be hyperreactive in people with PTSD processing emotional material. 23, 57, 58 Lack of deactivation in the dACC may represent inadequate modulation of emotional material during a cognitive task shortly after a sexual assault. Because of the limited sample size of the current study, larger studies are needed to replicate this finding and confirm this interpretation.
Unexpectedly, in the survivor group, symptom severity was associated with decreased left cerebellar activation when investigating the interference of positive emotion (happy) with response inhibition, but also with increased bilateral cerebellar activation with a positive memory. The participation of the cerebellum in higher cognitive and affective processes is well-established as having a modulatory role in sending adaptive feedback to cortical areas during higherorder cognitive processes. 59, 60 The cerebellum is also involved in recognizing and discriminating emotional facial expressions, 61, 62 processing self-related information through an affective regulatory loop including the frontal lobes and limbic system, 63 and in retrieving autobiographical memories. 64 It is possible that early alterations in cerebellar function when processing positive emotions may be a precursor of later alterations in the affective regulatory loop, especially between the vmPFC, the dACC and the amygdala, when PTSD symptoms become chronic. However, this interpretation remains speculative and will need to be formally tested using a longitudinal design.
Also, unexpectedly, the survivor group did not show alterations in brain function during working memory or response inhibition (no-go versus go) tasks, indicating that the function of the brain regions critical for these processes may be preserved in the early period following sexual assault. A complementary explanation would be that the participants who participated in this study were not those with more severe symptoms, presenting attenuated emotional and cognitive deficits and potentially less vivid memories of their traumatic event. Although these results are not consistent with previous neuropsychological studies using acute psycho logical stress 16, 20 or in chronic PTSD, 65, 66 to date no neuro imaging study has investigated these 2 cognitive abilities in acutely traumatized women. Further investigation in 
Limitations
An obvious limitation of this study was the small sample size. Inclusion of survivors of sexual assault in this particular period of disorientation and distress was challenging. We also acknowledge that the acquisition method of the functional neuroimaging data (ascending, sequential with no gap) may have introduced blood-flow and slice-to-slice artifacts. However, we carefully inspected the data and found no gross artifact. In addition, our morning cortisol measure may have been confounded by the cortisol awakening response. To avoid this issue, future studies of morning cortisol should be performed in reference to wakening time. Finally, an important limitation is related to interpretation of the nonsignificant results. Because of our limited sample size, we could not rule out the influence of type-II errors. Larger studies with sufficient statistical power are needed to confirm the subtle changes in neuropsychological and neuroendocrine alterations following sexual assault that the current study was unable to detect.
Conclusion
The goal of this study was to provide a better and more global understanding of the early neurobiological changes that occur following exposure to a single traumatic event by combining neuropsychological, neuroendocrine and functional neuroimaging measures. Our results revealed that a lack of deactivation of the dACC/superior frontal gyrus was associated with atypical emotional processing in survivors of sexual assault. In addition, cerebellar activation was associated with symptom severity when processing positive stimu li. Future studies are needed to better understand whether or not these early functional modifications can predict the development of PTSD. The funders had no role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. An abstract of the preliminary data from this study was 
